In Tunisia especially in the Medjerda watershed the recurring of floods becoming more remarkable. In order to limit this risk, several studies were performed to examine the Medjerda hydrodynamic. The analysis of results showed that the recurrences of floods at the Medjerda watershed is strongly related to the sediment transport phenomena. Initially, a one dimensional modelling was conducted in order to determine the sediment transport rate, and to visualize the river morphological changes during major floods. In continuity of this work, we will consider a two-dimensional model for predicting the amounts of materials transported by the Medjerda River. The goal is to visualize the Medjerda behaviour during extreme events and morphological changes occurred following the passage of the spectacular flood of January 2003. As a conclusion for this study, a comparative analysis was performed between 1D and 2D models results. The objective of these comparisons is to visualize the benefits and limitations of tested models. The analysis of the results demonstrate that 2D model is able to calculate the flow variation, sediment transport rates, and river morphological changes during extreme events for complicated natural domains with high accuracy comparing with 1D Model.
INTRODUCTION
Because it controls the essential element of life, fluvial hydraulic is one of the oldest sciences explored by human (Goutx and Ladreyt, 2001 ). Fluvial hydraulic is involved in the study of stream flows in natural or artificial open channels (Graf, 1984 ). It appears fundamental for the design, flow propagation, and river morphological changes. Nowadays, numerical modelling is one of the main tools used in the study of river hydrodynamics. Indeed, through the use of new available technologies, numerical modelling of flow and sediment transport in rivers is strongly improved over the last decades and has been widely applied as a major research tool to solve several river hydraulic problems (Wu, 2008) . In this context, we consider a 2D numerical model for predicting morphological changes in the Medjerda River due to the sediments transport process (Gharbi et al., 2014a) .
In fact, the construction of the Sidi Salem dam, introduced a remarkable morphological change of the river hydrodynamic, especially on the downstream side (Talbi et al., 2014) . We notice a huge sediment deposition due in part to frequent moderate floods and the presence of hydraulic structure that promote the river bed modification, and therefore favours the occurrence of catastrophic floods (Soualmia et al., 2015) . Various researches have been made confirmed that the floods problem in the Medjerda River is powerfully linked to sediment transport process. At first, a one dimensional modeling of sediment transport was performed; it allowed us to determine the quantities of sediments transported by the river, and their impacts on the river longitudinal profile. It appears clear, that the great amounts of materials transported by the river have a significant impact on the river morphology. These changes may promote floods, threaten, destabilize hydraulic structures and disrupt their operations . In a second step, this current research considers a two dimensional model using TELEMAC 2D code coupled with SISYPHE code for analyzing the hydrodynamic and sediment transport mechanisms and predicting their effects. The 2D hydraulic model includes a significant improvement in calculating the variation of hydraulic variables, and also the delineation of flood zones (Dusty, 2012) . Whereas, the sediment transport model provides us about the river morphological changes occurred during extreme events. To conclude, a comparative study of the results of both 1D and 2D models will be conducted in order to determine the advantages and weaknesses of these models for predicting the sediment transport capacity.
PRESENTATION OF THE STUDY AREA
The Medjerda is a river in North Africa flowing from northeast Algeria through Tunisia before emptying into the Mediterranean Sea. It is the longest river of Tunisia with a length of 450 km, and the only permanent river in the country (Rodier et al., 1981) . Despite the relatively low rainfall in the Medjerda watershed during the autumn and spring, severe flooding can be observed during these seasons (Fig. 1) . This is generally due to the attributes flows from Algeria.
For our study case, we opted for the middle valley of Medjerda, which was flooded at least three times in these last years (Rodier et al., 1981) . We will pay a particular attention to the reach located between the two dams of Sidi Salem and Laâroussia (Gharbi and Soulamia, 2013) . This reach is extended over a length of 85 km; it is powered by three tributaries: Wadi Khaled and Wadi Siliana at the left bank, and Wadi Lahmar at the right bank (Fig.1) .
The implementation of a 2D model for the total river seems too heavy to calculate the various parameters through the extent of the study area (85 km). It was then considered for our study case, a portion of about 20 km of the Medjerda from Sidi Salem dam until the first measurement station of Slouguia. 
METHODOLOGY
Floods can occur in rivers, reservoir, and coastal area with serious damage, when flow exceeds the capacity of the river channel. How to estimate and mitigate the risk of inundation is a crucial question now days (Zhang et al., 2014) . The purpose is to determine the effects of major floods on river morphological changes. In fact, various numerical morphodynamic models are now being intensively used by the scientific community in order to predict morphological evolution in various complex applications (Belleudy, 2000) . Most existing modelling systems offer a 1D, 2D or 3D version. The choice of the model dimension depends on the domain scale (Huybrechts et al., 2010) . Considered as a great compromise, 2D modelling is widely applied to medium scale domains. In fact, the challenge of any modelling approach is to read the reality of the phenomenon through an adapted simplifying grid. Therefore, it has a great importance to find an eligible compromise between accuracy for the description of phenomena and the requirements of the model implementation (Diallo, 2010) . A two dimensional model has been used for simulating the river bed evolution. The model consists of hydrodynamic equations, sedimentological equations and bed deformation equations (Zhang et al., 2014) . The purpose of modelling in two dimensions is to complete and refine onedimensional modelling performed in a previous work (Gharbi and Soulamia, 2013) . The first step is to collect or acquire all necessary data for the development of the hydraulic model, as well as its implementation. The data set (topographical and meteorological data) allows us to better understanding the hydrodynamic phenomena (Estupina et al., 2005) . In a first step, we conducted a one dimensional modelling of sediment transport in the Medjerda using HEC RAS (1D) to determine the amount of sediment transport and its effects on the geomorphological evolution of the river longitudinal profiles. In continuity of this work, we used and adapted a complete 2D model for predicting the morphological evolution of the Medjerda. This type of model allows us to test various hypotheses of geomorphological dynamics; they also help us in identifying the various factors responsible for the river bed changes (Richards et al., 2002) . This work considers the modelling of a real case; the chosen study area is the middle valley of the Medjerda River. But, to avoid problems calculations, we limited our study area to a portion of about 20 km, from the Sidi Salem dam until the station Slouguia. This portion of the Medjerda is characterized by erosion during extreme events, and deposition during low flow periods. For that, we have chosen the TELEMAC 2D code coupled with the SISYPHE code for modelling the hydrodynamic and sediment transport process.
DESCRIPTION OF THE USED MODELS
Rivers modeling is a difficult task because the flow in open channels is usually turbulent, the geometry is irregular, and can vary with time, and the accompanied sediment transport phenomena are complex (Wu et al., 2000) . The choice of a specific model depends on the nature of the problem (Huybrechts et al., 2010) . According to the method of calculation, there are totally decoupled models, semi-coupled or fully coupled (Wu, 2008) . The fully decoupled models ignore the influence of sediment transport and bottom changes on flow fields, and calculate hydraulic parameters and sediment transport rates separately at each time step. However, the fully coupled models take into account the channel morphological changes for calculating the various flow parameters (Tassi and Villaret, 2014) . Furthermore, in terms of numerical method, flow patterns and sediment transport can use the method of finite differences, finite volumes, and finite elements. Each of these numerical methods has its advantages and disadvantages (Fig.2) .
TELEMAC 2D is an ideal modeling framework for rivers due to its finite element grids which allow graded mesh resolution (Hervouet, 2007) . In fact, areas that require high bathymetric accuracy such as meandering can be well resolved by TELEMAC 2D. This model performs 2D hydraulic calculations; it solves Saint-Venant equations of momentum and continuity, derived from the Navier-Stokes equations by taking the vertical average. The main results give the water depth and the average vertical velocity at each point of the resolution mesh (Villaret and Hervouet, 2006) . SISYPHE is the state of the art sediment transport and bed evolution module of the TELEMAC modeling system. SISY-PHE can be used to model complex morphodynamic processes in diverse environments, such as coastal, rivers, lakes and estuaries, for different flow rates, sediment size classes and sediment transport modes (Tassi and Villaret, 2014) . In SISYPHE, sediment transport processes are grouped as bed load, suspended load or total load, with an extensive library of bed load transport relations. SISYPHE is open source software; it is a horizontal two dimensional morphodynamic model. SISYPHE can be internally coupled to the module TELEMAC 2D, in order to take in account the evolution of the bottom in calculating hydraulic parameters (Fig.3) . For the evaluation of sediment transport rates, unlike the usual models which take into account only one median diameter, SISYPHE provides a non-uniform pattern (multiple-size). These non-uniform sediment models are based on a complicated sedimentary description considering several size fractions very close to reality. In fact, building a model under SISYPHE requires the definition of hydraulic and sedimentary conditions. It's noted that we need to use several tools to create the various files required to build the model under TELEMAC 2D and SISYPHE.
The 2D hydraulic model
The flood flow in river was described for the first time by Saint-Venant in 1871. In many problems of river hydrodynamic, the flow varies slightly in the vertical direction so that the consideration of the equations in two dimensions can solve the problem. In fact, from Navier-Stokes (3D) to Saint-Venant (2D) it is assumed that vertical velocities are almost zero and the variables can be integrated vertically (Roche et al., 2012) . The hydrodynamic models based on the full set of 2D SaintVenant equations are as follows:
where x and y are the horizontal Cartesian coordinates; h is the water depth; u and v are the depth-averaged flow velocities in x and y directions; Z s is the water surface elevation; g is the gravitational acceleration; ρ is the density of water; τ xx and τ yy are the depth-averaged turbulent stresses, F x and F y are the Coriolis forces (Wu et al., 2000) . The turbulent stresses τ ij are calculated
with the classical k-ε turbulence model (Rodi, 1984) which employs the eddy viscosity.
i=1,2 j=1,2
where: k is the turbulent kinetic energy; ε is dissipation rate; ν t is the eddy viscosity.
The 2D sediment transport model
In SISYPHE, there are two sediment transport modes according to the transport mechanisms, the bed load and the suspended load:
where q t is the total sediment transport, q b is the bed load transport, and q s is the suspended transport. Evaluation of sediment transport is one of the most important tasks in river hydraulics. In this context, several works since more than twenty years in the world have helped to solve many problems encountered in rivers, especially the development of sediment transport models (Van Rijn, 1993) . The twodimensional (2D) sediment transport equation for the depthaveraged suspended load concentration c, is obtained by integrating the 3D sediment transport equation over the suspended load zone (Wu, 2008) . The two-dimensional transport equation is given by:
where c is the local sediment concentration; ε s is the dissipation rate; ṅ e and ṅ d are the width averaged sediment entrainment and deposition fluxes at the interface between the suspended load and bed load zones. For the calculation of suspended sediment transport rate, SISYPHE uses the finite elements method to numerically solve the (Eq. 7). Second, for the bed evolution, SISYPHE solves the Exner equation given by:
where Z b is the bed elevation; p is the bed porosity (p~0.4 for non-cohesive sediment); c b is the sediment concentration in the bed load layer. Concerning the erosion and deposition rates, representing the vertical flow of materials, exchanged between the bed load and suspended layer, they are involved in both the development funds equation as well as in the trans-diffusion equation. To calculate the erosion and deposition rates, SISYPHE provides various empirical laws. Several empirical laws have been proposed, following Celik and Rodi (Celik and Rodi, 1988) Whereas, calculating the bed load transport rate, SISYPHE provides several empirical bed load model. Below we present the most used empirical laws for calculating the bed load transport rate (Table 1) .
Where τ * is the Shields number, τ c * is the Critical Shields number, S is the bed slope, T is non-dimensional excess bed shear stress; K is the Einstein coefficient; D 50 is the median sediment diameter; and D * is the dimensionless particle size, ρ s is the sediment density; ρ is the water density, R is the relative density (Shields, 1936) . The D * and T parameters are given by the following equation:
where u * is the bed shear velocity related to the grain; and u *cr is the critical bed shear velocity for sediment motion.
For our case study, several simulations were made by various empirical laws of the literature. In fact, there are many laws proposed to quantify the bed load rate. Charru et al. (2004) proposed a new approach to study rivers morphological evolution. It is based on a model for the erosion and deposition of the particles under laminar flow. In 2006, Charru proposed an extension of this model to turbulent flow (Charru, 2006) . In more advanced research Lajeunesse et al. (2010) , realized an experimental study to support the erosion deposition model of Charru (2006) , and proposed a new formula to calculate the bed load transport rate. Therefore, our objective is to test this new Lajeunesse formula for predicting the bed load rate transported by the Medjerda River during the flood of January 2003 (Lajeunesse et al., 2010) .
MODEL SET-UP
For the implementation of 2D model, we opted for TELEMAC 2D coupled with SISYPHE for calculating both hydraulic parameters and sediment transport rate (Gharbi et al., 2014b) . In fact when there is an overflow, there is no longer a preferred axis of flow, as should be the case in one-dimensional modelling (longitudinal axis). This imposes us to move to a two-dimensional modelling, using on the same assumptions, except that of the preferred axis of flow, and based on the twodimensional Saint-Venant equations. The two-dimensional hydrodynamic modelling is a tool for the representation of the evolution of flows during an event. The purpose of modelling in two dimensions is to complete and refine one-dimensional modelling performed in a previous work (Gharbi and Soulamia, 2013) . So first, the topographic data (cross sections, the slope map, digital elevation model) are collected from the topo- Table 1 . Most commonly used formulas to describe bed load transport in a turbulent flow (Garcia, 2006 . (Gharbi and Soualmia, 2012) . We present below the digital elevation model that we had established from assembling the topographic maps 1:25000 where the contours are 5 m spaced (high accuracy) (Fig. 4) . The definition of the geometry of river channels is a fundamental step. The river topography and hydraulic structures have a major impact on the simulated results. This step requires a good knowledge of areas and flows in order to consider all the existing hydraulic structures while simplifying the topography, to limit the number of calculation points (Rodi, 1984) . In 2D models, the mesh provides information about the river topography. This kind of information is used to define precisely the area topography (Gharbi et al., 2014a) . Thus, it is certain that more we have high accuracy data; more we can get model estimation closer to reality. In addition to successfully validate our mesh, we have refined it at the river bed. It was therefore considered triangular meshes of about 7 m to obtain maximum accuracy in the results. Then, we imposed a lighter mesh of about 50 m in the major bed, while to the rest of the field we imposed a criterion of 200 m. At the end, we get a geometry file for simulation in 2D TELEMAC containing 51145 nodes (Fig. 5) .
A first calculation with the hydraulic model TELEMAC 2D was conducted in order to determine the variations of hydraulic parameters during floods. The hydraulic model was calibrated based on the data sets measured during the flood in January 2003. For the modeling of sediment transport in the Medjerda, we followed a gradual approach in several stages. Initially, it was considered the sediment transport problem in a simple case. So we first examined the implementation of a onedimensional modeling of sediment transport, the study showed that Medjerda carries huge amounts of sediments. It is noted that if the river is too long, 1D numerical model are very useful; they provide the evolution over time of longitudinal profiles. However, in the case where we need to predict in more details the morphodynamical process in presence of complex flow conditions, 2D or 3D digital models may satisfy this need. Secondly, attention will focus on the implementation of a 2D modeling of sediment transport in the considered study area. We will therefore assume that the vertical variations of flow and sediment are small enough; variations in the horizontal plane can be described by Saint-Venant equations. Solving these equations by TELEMAC 2D module is performed on a mobile bed, where the bottom evolution is calculated by the SISYPHE module. The times and distances should be sufficient for the moving particles can be considered as a continuous mass (Recking, 2013) .
For our case study, we dispose of the necessary information for the model implementation to quantify the materials transported by rivers. Below, we present the various available data for the implementation of a 2D model for the calculation of sediment transport rate; in fact, we need granulometric curve, rating curve, water depth, and flood hydrographs. It should be noted that all measurements were made directly in the Medjerda River. The grain size distribution of sediments in the Medjerda River is obtained by a sampling companion, where sediments were collected at several stations.
The particle size analysis is obtained by the technique of sieving and sedimentation in the laboratory of the General Directorate of Water Resources (DGRE). The available data set provides information about the particles diameter repartition of deposit samples. All these information are required for the analysis of sediment distribution in river. The granulometric fraction transported by the flows is composed essentially of clay and fine silt 66% at Slouguia, with a predominance of fine silt of about 35% at the Slouguia station.
RESULTS AND DISCUSSION
Let us summarize our results concerning the modeling of the Medjerda River performed by TELEMAC 2D coupled with SISYPHE. Initially, we started by the model calibration by adjusting the friction coefficient to approximate the measured data. However the Strickler coefficient is about Ks = 25 m 1/3 /s, it is deemed satisfactory because it corresponds to a river with abundant vegetation. We also present the evolution of sediment transport rate carried by the Medjerda. We were interested on the study of the morphological changes occurred after the passage of the spectacular flood of January 2003. The last part is dedicated to a comparative study between simulated results of 1D and 2D models. The aim is to determine the benefits and limitations of the 1D and 2D models, and to propose eventually the most suitable software for accurate modeling for the Medjerda River.
General characteristics of the flow
The first part of this paper focuses on the study flow parameters evolution simulated by TELEMAC 2D during the flood of January of 2003. The hydraulic model leads to define the variations of different hydraulic parameters including flow, velocity fields and the water depth (Masbernat et al., 2013) . The analysis shows the presence of low speed area, and some high speed area depending on the bathymetry. We presents below the water levels predicted by the different models during the flood of January 2003 at the Slouguia station (Fig. 6) .
Above all, the model calibration was based on the coefficient of Strickler 'Ks' which has been adjusted to represent the role of the bottom nature (gravel, sand, silt...) and the land use (urban, forests ...) on flow dynamics (Thibault, 2013) . The Strickler parameter has a great influence on the water level variation in rivers. Several simulation tests were carried out, by varying roughness. At the end of calibration, we note that predicted and measured hydrographs were also in good agreement. We retained K s = 25 m 1/3 /s, which represents relatively a high roughness. In fact, this may be justified by the dominance of vegetation in the banks and the bed River. We calculate the Nash criterion in order to evaluate the reliability of the different tested models. We got a Nash criterion of about 0.89 for TELEMAC 2D, and about 0.83 for HEC RAS (1D). Generally the different results are satisfactory; the Nash criterion is very close to 1. 
Evolution of sediment transport
During extreme events, the Medjerda transports huge amounts of sediment as either bed load or suspended load. The aim of this paper is to predict the sediment transport rate evolution in the river during the spectacular flood occurred in January 2003. We were also interested in calculating the amounts of sediments transport during floods, and to determine the dominant mode of transport of the Medjerda. In the following, in the first step we present the evolution of sediment transport rates along the river at different periods, in the second step, we will be interested in the study of the sediment transport variation at the Slouguia station.
Evolution of sediment transport rate along the river
We present below the variation of sediment transport over time. For different times during the flood of January 2003, we present below the evolution of the total sediment transport at the Slouguia station (Fig. 7) .
Sediment discharge peaked just after the peak recorded at the flood hydrograph measured during the flood of 2003; this confirms the effect of fluid flow on the amount of sediment carried by the river. During the flood of 2003, a maximum liquid flow rate was recorded reaching 731 m 3 /s and corresponding to a sediment transport rate of about 4 kg/s. We also note that during floods, the dominant mode of materials transportation is the suspended load which represents of about 80% of the total sediment transport rate.
Tests of different bed load Models
Several simulations tests were performed in order to test the Lajeunesse formula cited above for predicting of the bed load rate (Gharbi et al., 2014a) . We present below the calculated amounts of bed load by various models (Fig. 8) .
The analysis indicates that the proposed model of Lajeunesse gives satisfactory results. The simulated bed load rates are closely correlated. To determine the degree of correlation between simulated results, therefore we calculated the correlation coefficient between simulated results. The analysis of results shows a correlation of about 71.1% between Lajeunesse and Van Rijn models and about 62.6% between Lajeunesse and Einstein models (Einstein, 1950; Engelund and Fredsoe, 1976; Lajeunesse et al., 2010; Meyer-Peter and Müller, 1948; Van Rijn, 1993) . 
Morphological evolution of the Medjerda River
Channel processes reflected in river morphology are erosion, transportation and sedimentation. Erosion is the transport of sediments. Agents of erosion include flowing water, waves, wind, ice, or gravity. Eroded material is eventually dropped somewhere else; this is called deposition. The study reach is a one-kilometer stretch of the Medjerda River located just outside the dam. We present here the bathymetry evolution during the flood of 2003 (Fig. 9) .
The analysis shows that there is a digging in the channel bottom reaching an average depth of 20 cm. In fact during flood, there is always an alternation between the two processes of erosion and deposition, but given the important flow rates recorded at the outlet of the dam, the erosion process is dominant. Indeed, in the presence of hydraulic structures, the channel pattern of a river may be changed from braided to split, and may tend to become more sinuous (Williams and Wolman, 1984) .
In fact by reducing the magnitude of frequent, moderate floods, dams may lead to channel narrowing through lateral accretion (Bhattacharyya, 2011) . For that reason, we were interested in the study of the Medjerda morphological changes occurred after the passage of major flood. First, we will examine the morphological evolution of sets of cross-sections. Second, we control the longitudinal profile changes. The purpose is to localize deposition or erosion areas.
Morphological evolution of cross sections
The movement of sediment shows profound significance to river (Zhang et al., 2014) . The process of sediment transport may change the topography of the river bed (Garcia, 2006) . And the two processes of erosion and deposition are the key factor to control the river development and management. Erosion and deposition are responsible for many landforms, on the periods of low water level; the river promotes the deposition of sediment which causes a modification on the cross-section, directly related to the phenomenon of flooding. Whereas in times of flood, the phenomenon of erosion is favored due to the significant flow recorded during the flood, causing changes on the river morphology. The objective of this section is to analyze (Fig. 10) .
The used model for calculating particles size variation provides information about the solid mass transported by the river. This solid mass is directly translated into sediment volume; and this tells us about the morphological changes on river crosssections. The analysis of results shows several changes in both bed and banks of the river. The Slouguia Station is located about 20 km of the downstream of Sidi Salem dam. The analysis of the morphological evolution of set of cross sections shows that there is an alternation between the two processes of erosion and deposition.
Longitudinal profiles changes in Medjerda
Several studies have shown the important effects of flow rate on the sediment transport rate evolution. These studies have confirmed that the low flow does not modify the river morphology during 25 days (Goff and Ashmore, 1994) . Conversely flood flows affect the river bed. In fact, from the first comparative analysis performed between sets of cross sections; we note that changes in cross sections are not uniform along the river. Thus, it was interesting to visualize the geomorphological evolution of the longitudinal river profiles. A comparative analysis was conducted between longitudinal profiles calculated for two characteristic flow rates of the Medjerda. The first flow rate Q = 80 m 3 /s corresponds to the flow during low water and the flow rate Q = 250 m 3 /s corresponds to the morphogenetic flow. In the literature, several studies have confirmed that the bank full discharge corresponds to the liquid flow for which the transported sediment discharge is maximal (Malavoi et al., 2011) . The simulation results are summarized in the following (Fig. 11) .
River longitudinal profile changes have interested many researchers, especially with the intention of understanding their evolution and finding the most pertinent method to eventually predict their development. From Sidi Salem dam until the Slouguia station, we observe an alternation between the two processes of erosion and deposition. It is noted that there are several factors that influence directly the river morphology, for example the secretion of low flow, the development of vegetation in the river bed, and the presence of hydraulic structure; all these factors represent obstacles to the flow and influence directly the river morphological changes. 
Comparative analysis of 1D and 2D river modelling
One of the main deciding factors for model choice, including dimension, is whether the model is capable of simulating all necessary processes and complexity for the given problem (Papanicolaou et al., 2008) . The model dimension choice depends largely on the treaty process; it requires special attention due to the risk and the complexity, as well as the consideration of the spatial and temporal scales of interest. One dimensional hydraulic and sediment transport models have been the easier models used for river dynamics, because of the large spatial scales and long time frames. However, two dimensional models are less commonly used due to their longer processing times, and also to the complexity of the required data. The objective of this last part is to determine the advantages and limitations of tested models. Comparative studies were conducted to analyze the obtained results. In fact, in order to get meaningful comparisons, it is evident to keep the same flow conditions for the tested model simulations (same initial condition, same boundary conditions, same roughness ...), and with the same sediment physical properties. First, we start by comparing the total sediment transport rate simulated by HEC RAS (1D) and TELEM-AC 2D coupled with SISYPHE. Second, we proceeded to a comparative analysis between river longitudinal profiles predicted by both models.
Variation of sediment transport rate, Flood 2003
We compared here, the sediment transport rate simulated, by TELEMAC 2D coupled with SISYPHE and HEC RAS (1D) during the flood of 2003. The differences between the sediment transport amounts calculated by the two models are generally low, and the overall look is the same (Fig. 12) .
These differences confirm the importance of the roughness parameter on the prediction of the sediment transport rate. Note that TELEMAC 2D and HEC RAS do not follow the same numerical scheme. Iterations are not conducted in the same manner as the interpolation results at the ends of meshes calculations, are not calculated in the same way. This may explain the differences between the results.
Morphological evolution of cross section, Flood 2003
In order to visualize the evolution of the cross section profile during flood, a comparison analysis was conducted between measured cross sections, and those simulated by the 1D and 2D models (Fig. 13) .
The superposition of the cross sections at the same place indicates silted sections (deposition zone) and erosion sections (digging in the bottom). We note that there is a difference between simulated results with about 12%. These differences are due to various factors. For example, the geometry has not been inserting with the same manner. In the 1D model, topography is defined by cross sections which generate a precise definition of the river bed but a rude definition of the floodplain (Erlich et al., 2012) . In the 2D models, the mesh provides information about the river topography. In the 1D model the geometry is much smoother comparing to the 2D model. 
CONCLUSION
Our purpose is to develop a hydro-sedimentary model covering both the river hydrodynamic and sediment transport process. The aim is to analyse the amounts of sediment carried by the Medjerda River during the floods, and their effects on the river morphological changes. The analysis shows that the problem of sediment transport in rivers is closely related to the floods problems. Moreover, we note through the comparative analysis between 1D and 2D models that the 1D simulation is certainly fast to build, but the corresponding results have significant inaccuracies. However, 2D models can correct this problem but consume much more time for their implementation and simulations. The 1D models are recommended for modeling of long rivers; and they can also be used for rapid studies that do not require too much precisions. While the 2D models are suggested for studies that require higher precision calculations for predicting the sediment transport rates. Note that 2D models provide a complete description of the erosion and deposition rates in the banks and bottom of the river channel. 
